Abstract Pancreatic ductal adenocarcinoma (PDCA) is characterized by well-defined tubular units in the vast majority of the cases; however, variations in this theme do occur. It is important to recognize the morphologic spectrum of PDCA to avoid misdiagnosis especially in small specimens and also in metastatic foci. Here, we document a morphologic variant of PDCA that is characterized by a distinctive pattern of infiltrating cribriform nests in a distinctive "microcystic" or "secretory" pattern. Twenty-four cases of PDCA have been identified in a review of 505 cases diagnosed with PDCA. Histologically, this pattern was characterized by infiltrating nests of tumor cells with large vacuoles and "signet-ring" like appearance imparting a cribriform growth pattern. The vacuoles were one to five cells in size, often merging to form multilocular spaces separated by a thin rim of cell membrane. Many of these spaces contained CA19.9 positive granular secretory material. The nuclei were often pushed to the periphery and compressed in a pattern resembling adipocytes, although the nuclei were often densely hyperchromatic and displayed significant atypia. Especially in biopsies from the peripancreatic fat and peritoneum, these neoplastic cells had been misdiagnosed as degenerating adipocytes, and in the lymph nodes, they had been misinterpreted as lipogranulomas. Clinical findings of the patients were similar to that of conventional PDCA, except higher incidence of history of smoking (83% vs. 60%; p=0.034). In conclusion, vacuolated cell adenocarcinoma is a distinct morphologic variant of PDCA, and the presence of this peculiar pattern in a metastatic site, although not specific, should raise the suspicion of a PDCA.
Introduction
Histopathologic diagnosis of pancreatic ductal adenocarcinoma (PDCA) is often challenging. This is partly due to the inaccessibility of the organ, which necessitates the diagnosis to be rendered in limited specimens, small biopsies, or frozen sections [1] . In addition, benign conditions of the pancreas, especially chronic pancreatitis, can closely mimic PDCA. Conversely, PDCA typically has an abundant stromal component (hence the synonym scirrhous carcinoma) which, on one hand, hampers the tumor tissue yield in small specimens and, on the other, complicates the microscopic evaluation by morphologically mimicking chronic pancreatitis [2] . This challenge may partly be overcome by recognizing the various morphologic patterns that PDCA exhibits.
It is also important to recognize the morphologic spectrum of PDCA for its correct diagnosis in the metastatic sites. A significant proportion of the PDCA patients presents with metastatic tumors and an unsuspected primary in the pancreas. In fact, studies have shown that PDCA is one of the most common, if not the most common, sources of "carcinoma of unknown origin" [3, 4] .
PDCA is characterized (and defined) by infiltrating tubular units lined by cuboidal cells, embedded in desmoplastic stroma. However, there are various cytologic and architectural variations that occur on top of this basic theme, which are included under the umbrella of pancreatobiliary carcinoma [4] . In this study, a distinctive morphologic variant characterized by infiltrating cribriform units that are formed by vacuolated tumor cells (resembling adipocytes or signet-ring cells) that contain CA19-9 positive secretory material is documented. The histologic, immunophenotypic, molecular, and clinical characteristics of this variant are analyzed and compared to those of the ordinary PDCA.
Materials and methods

Patients
Five hundred and five consecutive cases of PDCA seen in the files were reviewed. Twenty-four cases (18 pancreatectomies and six biopsies) that displayed this distinctive vacuolated/cribriform pattern in more than 25% of the tumors were identified. From the resection specimens, an average of 15 slides was available (range, one to 29) for examination on these cases.
Demographic features of the group were analyzed, and the clinical history of the patients for the presumed risk factors of PDCA such as diabetes mellitus, smoking, and alcohol were recorded, where available.
The findings were contrasted with those of conventional PDCA.
Histochemical analysis
Histochemical stains, namely Mayer's mucicarmine, high iron diamine-alcian blue (to differentiate sialated mucins from sulfated mucins), periodic acid-Schiff, and alcian blue-periodic acid-Schiff (AB-PAS, for acidic mucins), were performed.
Immunohistochemistry
All tumors for which material was available were studied for the mucin-related glycoproteins and oncoproteins using immunohistochemical stains with carcinoembryonic antigen (CEA; BioGenex, San Ramon, CA; 1:200), CA19-9 (Novocastra, New Castle upon Tyne; 1:200), B72.3 (Signet, Dedham, MA; 1:40), MUC1 (Novocastra, New Castle upon Tyne; 1:160), and MUC2 (Novocastra, New Castle upon Tyne; 1:100), which have known expression patterns (and presumed diagnostic utility) in PDCA. High molecular weight cytokeratin, also known as HMWCK or CK34βE12, a marker that is positive in squamous change in pancreas tumors, was also tested to determine whether this pattern represents a form of abortive squamous differentiation.
Avidin-biotin-peroxidase method was used. Negative and positive controls were included with each batch of slides tested.
K-ras mutation analysis
Frozen tumor tissue was available in eight cases and was used to search for the mutation in codon 12 of K-ras oncogene, which is very common in cases of conventional PDCA.
DNA extraction and PCR amplification
DNA extraction and PCR amplification for the analysis of mutations in codon 12 of the K-ras gene were accomplished following methods previously published [5] . The extract containing genomic DNA (10 μl) was subjected to PCR in a total volume of 50 μl of reaction mixture using specific primers. The primer set consisted of 5′-ATGACTGAATA TAAACTTGT-3′ (forward) and 5′-CTATTGTTGGATCA TATT-3′ (reverse), and the PCR was carried out in a DNA thermal cylinder (Cetus-Perkin Elmer, Norwalk, CT) for 35 cycles. Each cycle of amplification consisted of 1 min of denaturation at 94°C, 1 min of annealing at 57°C, and 2 min of polymerization at 72°C. After the last cycle, polymerization was continued for an additional 7 min at 72°C.
Slot blotting and southern hybridization
Slot-blot southern analysis of PCR-amplified samples was carried out using 32 P-labeled oligonucleotide probe panel following standard procedure [5] . Amplified DNA was denatured by adding 7 μl of the PCR reaction mixture to 100 μl of 0.4 M NaOH and 25 mM EDTA. The mixture was heated to 95°C for 2 min and placed on ice. One hundred microliters of 2 M Tris-HCl (pH 7.4) was added and slot blotted on a nylon membrane using the Schleicher & Schuell (Keane, NH) manifold-II apparatus. The membranes were prehybridized in the hybridization mixture (5× SSPE, 5× Denhardts, 0.5% sodium dodecyl sulfate (SDS), 100 mM sodium pyrophosphate, pH 7.5) for 1 h at 37°C on a shaker. 5′-end-32 P-labeled oligonucleotide probe (wild-type probe and six specific probes to each base mutation) was added to the hybridization mix to a final concentration of 2×10 6 cpm/ml and hybridized overnight at 37°C in a hybridization incubator. The membranes were washed with 6× SCC and 3 M tetramethylammonium chloride (TMAC) wash solution (3 m TMAC, 50 mM Tris-HCl, 2 mM EDTA, 0.1% SDS) twice at 61°C for 30 min with constant shaking and were autoradiographed. Control samples for all the studies were taken from areas without tumor from the same histologic sections.
Statistical analysis and comparison with ordinary PDCA Available demographic data (age, location of the tumor, as well as history of smoking, diabetes, and alcohol) of the patients with vacuolated cell pattern were compared with those of ordinary PDCA identified in the same database. For the comparison of age and tumor size, t test was applied, and for the remaining, chi-square test was utilized. Kaplan-Meier survival curves were made to compare the clinical outcome.
Results
Clinical findings
The mean age of the patients was 61 (range, 43 to 72 years) vs. 63 in PDCA. There was slight female predominance, with nine of the patients males and 15 females (F/M=1.7 vs. 1 in PDCA; Table 1 ). Fifteen were Caucasians, seven were African Americans, and two were unknown (ratio= 2.1 vs. 1.5 in PDCA). The tumors ranged in size from 2.0 to 6.0 cm (mean tumor size, 3.8 vs. 3.5 cm in PDCA). Six patients had biopsy diagnosis only, and their tumor sizes were based on reports from the CT examination. Among resection specimens, 12 tumors were located in the head, five in the tail, and one in the body of the pancreas.
In the available data on the past history of the patients, 14/16 were smokers (83% vs. 59% in PDCA), four of 13 had diabetes (30% vs. 27% in PDCA), and three of 14 (21% vs. 22% in PDCA) had alcohol abuse (Fig. 1) . Only the difference in history of smoking was statistically significant (p=0.034).
Histopathologic findings
Microscopically, this variant was characterized by infiltrating clusters of tumor cells that contained large vacuoles imparting them a cribriform architecture (Fig. 2) . The vacuoles were one to five cells in size, often merging to form multilocular spaces separated by a thin rim of cell membrane (Figs. 2 and 3 ). These microcystic spaces pushed the nuclei to the periphery of the cells, compressing them and indenting the nuclear membrane. This created a pattern reminiscent of adipocytes (lipoid pattern) or signet-ring cells (Fig. 4) . Many of these spaces contained material composed of cellular debris (necrotic cells, Fig. 2 ) and mucin ( Fig. 5 ; positive with histochemical and immunohistochemical stains; see below). The nuclei, upon close inspection, were often densely hyperchromatic and displayed significant atypia, enlargement, and pleomorphism (Figs. 4 and 6) . In two cases, in the biopsies from the peripancreatic fat and peritoneum, this pattern has been misdiagnosed as degenerating adipocytes. In two other cases, the metastatic foci in the lymph nodes were missed (Fig. 7) , possibly because they were misinterpreted as lipogranulomas or sinusoidal lipid, which they closely resembled.
Histochemical findings
Mucicarmine, high iron diamine (Fig. 8) , and AB-PAS stains [mostly blue (sialated acidic mucin) with focal black (sulfated acidic mucin)] were all positive in the vacuolated cells of 11 cases examined (11/11).
Immunohistochemical findings
Immunohistochemical phenotype of the vacuolated pattern was similar to that of PDCA. The tumor cells were positive uniformly for CA19-9 (11/11, Fig. 8 ) and MUC1 (11/11) and, in some cases, also for CEA (8 of 11, two of which was focal) and B72.3 (5 of 11). CK34βE12, which is usually negative in PDCA, however, was detected in 6 of 11 cases. Only one case revealed focal MUC2 positivity, which was limited to goblet cell metaplasia area (1 of 11).
Molecular analysis
Mutation in codon 12 of K-ras oncogene, was detected in seven of the eight (87.5%) cases studied (vs. 56 of 78 (72%) in PDCA; p=0.676).
Survival analysis
Median survival after diagnosis was 13.7 months (vs. 13.8 months in PDCA; Fig. 9 ).
Fig. 2
In vacuolated variant of ductal adenocarcinoma, infiltrating glandular elements often form a cribriform pattern created by multiple-cell-size vacuoles that are separated by thin strands of cytoplasm. The vacuoles often contain necrotic debris admixed with neutrophils Fig. 1 When comparing the incidence of diabetes mellitus, smoking, and alcohol in vacuolated cell variant (VDA) and ordinary ductal adenocarcinoma (UDA), only the difference in history of smoking was statistically significant (p=0.034) Fig. 3 In some examples, the vacuoles impart a signet-ring-like appearance to the cells and may even have targetoid mucin in some areas Fig. 4 In areas where the infiltrative units are smaller, tangential cut of the vacuolated glands may give the impression of individual cell infiltration mimicking diffuse infiltrative-type ("poorly cohesive cell" or "signet-ring" cell) carcinoma; however, the presence of larger cohesive glandular elements establish the diagnosis that this is merely the vacuolated variant of ductal adenocarcinoma
Discussion
Morphologic repertoire of pancreatobiliary-type adenocarcinoma originating in the pancreas (invasive ductal adenocarcinoma, PDCA) includes a hitherto unrecognized distinctive pattern characterized by infiltrating cribriform clusters of cells with microcystic formations. In this variant, the microcysts appear to result from the fusion of intracellular lumenae, many of which contain CA19-9 positive secretory material admixed with nuclear debris and mucin. These spaces compress the cytoplasmic organelles to the periphery of the cell, forming a thin bridging membrane. The nuclei are often compressed and indented, creating a picture reminiscent of signet-ring cells or adipocytes, to an extent that these tumor cells have been mistaken for lipogranulomas or sinusoidal fat, both of which are common findings in peripancreatic lymph nodes.
They may also be mistaken for fat necrosis in biopsies from peripancreatic tissue or peritoneal surfaces to which PDCA often disseminates.
It is important to recognize this pattern because it may be diagnostically important in limited specimens or in biopsies from metastatic foci, especially since many PDCA patients present with distant tumor and an unsuspected primary in the pancreas. The authors have seen several examples in the liver and other sites including bone marrow, in which this pattern led to the correct diagnosis of otherwise unsuspected PDCA. Differential diagnosis include signet-ring cell carcinoma, tumors with lipoblast-like or signet-ring cells from other primary sites, specifically breast and stomach, and liposar- Fig. 6 In some areas, the vacuoles were smaller and overtly intracytoplasmic, some containing targetoid mucin. The nuclei were often displayed significant atypia, enlargement, and pleomorphism Fig. 5 In rare areas, transition from more mucin-filled vacuoles to the more characteristic empty vacuoles can be observed. In this particular case, artifactual clefting around the infiltrative glands created a pseudo-micropapillary carcinoma appearance Fig. 7 Vacuolated cell adenocarcinomas (right, thin arrow) can be mistaken as lipogranulomas (left, thick arrow) because of their mimicry of fat. Close inspection, however, typically elucidates the severe degree of cytologic atypia including marked pleomorphism and hyperchromatism, which is characteristically present Fig. 8 Histochemical and immunohistochemical stains confirm that these vacuoles are in fact intraglandular lumen formations that are lined by secretory apparatus containing mucin (left, high iron diamine) and mucin-related glycoproteins (right, CA19-9) coma (alone or as part of sarcomatoid carcinoma). All these distinctions have significant therapeutic implications.
Although uncommon, this pattern may also be encountered in tumors from other sites, especially in surface epithelial organs. The presence of distinctive large vacuoles that compress the nucleus forming a cribriform architecture is a typical finding in adenomatoid tumors (the so-called localized mesothelioma of gynecologic tract) [6, 7] , but may also be rarely seen in mesotheliomas [8] . This pattern is also well recognized as a variant of meningioma in the meninges [9] , another site with a highly specialized "lining" properties, similar in that sense to mesothelium. The authors have also encountered this pattern in laryngeal and GE-junction carcinomas, both of which are sites with transition from a glandular to squamous epithelium, raising the question of this pattern being a result of lumen forming cells that are also showing immature squamous properties. The positivity of CK34βE12, a marker of squamous differentiation in the pancreas, in 6 of 11 cases reported here may lend further support to this possibility. On the other hand, in none of these cases was frank evidence of squamous differentiation such as keratin formation, squamous pearls, or histologic evidence of desmosomal junctions identified. Therefore, it appears that the process is likely to be recapitulating attenuated "lining" cells akin to those seen in adenomatoid tumors or mesotheliomas, rather than true squamous differentiation.
A pattern similar to the one described here may also be rarely seen in solid glandular organs including the salivary glands [10, 11] , and we have noted it occasionally even in the colon. In the ovary, it has been documented as a rare variant that was reported as "mixed-epithelial carcinoma with microcystic pattern and signet ring cells" [12] , a term that has been coined for this pattern in the meninges [9] . Since ovarian involvement in disseminated PDCA is not uncommon [13] [14] [15] (and vice versa is also true [16] ), it is important to be aware that this pattern may be exhibited by the tumors from both organs. A similar tumor type has been also noted in the urinary bladder under the same heading (microcystic transitional cell carcinomas) [5, 17, 18] along with the lipid cell variant of urothelial carcinoma with histologic appearance similar to lipoblasts [19] [20] [21] [22] .
The term microcystic, in the pancreas, however, is used specifically for serous cystadenomas (and its look-alikes) that are characterized by macroscopically visible small cysts (only a few millimeters in diameter) that form a distinctive sieve-like arrangement. Therefore, although "microcystic" is probably the best descriptive term for this pattern, it ought to be avoided for this variant of PDCA since it is already fully identified with a benign and distinctive tumor in this organ. Also, although the cells in this pattern have "signet-ring" appearance; we, as many others, are of the opinion that the term "signet ring" ought to be avoided outside the setting of diffuse infiltrative-type (Ecadherin related) carcinoma that is characterized by individual cell infiltration. In the void of the liberty to use these terms, the best descriptive names to designate this pattern are felt to be vacuolated or cribriform adenocarcinoma. The latter has been associated with a distinctive and well-differentiated tumor in the breast and may be misleading as well.
Fortunately, the name one chooses to describe this variant may not be that important because the findings in this study suggest that this is a morphologic variant of pancreatobiliarytype adenocarcinoma, not a separate tumor type. Its clinical characteristics are not too different from PDCA, with the exception of higher incidence of smoking history. The association with smoking may be of interest because studies in other organs are now revealing that smoking triggers different pathways of carcinogenesis [23, 24] and may have closer association with certain glandular subtypes [25] . Along the same lines, although it did not reach statistical significance, the incidence of K-ras mutation appeared to be higher in vacuolated carcinomas in our population. Whether this has a role in the development of this distinctive secretory/ vacuolated pattern needs further scrutiny because it is becoming increasingly clear that K-ras is an oncogene commonly involved in glandular neoplasia of various organs [26] , and different types of K-ras mutation may be responsible for different patterns and degrees of secretory properties.
The clinical course of vacuolated variant appears to be slightly more aggressive than the average PDCA, putting it in the more poorly differentiated category. Breast carcinomas with similar pattern also reported to have worse prognosis, particularly in elderly patients [27] . While this may be surprising based on the degree of glandular secretory differentiation, it is not at all if the nuclear grade is taken into consideration because this variant is often associated with high nuclear grade; despite their compressed (attenuated) appearance, the nuclei are often very atypical, hyperchromatic, and irregular, an important clue for the diagnosis of this pattern. In conclusion, the morphologic spectrum of PDCA includes a vacuolated (cribriform) pattern that ought to be recognized because it may be important in the often challenging differential diagnosis of this tumor type both in limited specimens from the pancreas and metastatic sites.
